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Personnel operating the M1 tank are subjected to an
extremely harsh vibrational environment as the vehicle
traverses rough terrain and performs the severe maneuvers
which are a routine part of its operational function. When
this environment exists at a high level for an extended
period of time, the effectiveness of the tank personnel can
be severely diminished, even to the point of inability to
function at all. Means have been developed to measure the
effect of this vibration on human subjects so as to
determine the limits to which they may be taken in terms of
operating effectiveness and also in terms of physical well
being. This paper describes (I) improved hardware for
making these measurements, (2) a method for relating tank
hull input forces to ride quality, and (3) installation and
calibration of instrumentation to measure the hull forces.
INTRODUCTION
The US Army's MI Main Battle Tank (Figure I) is a very heavy vehicle
which is required to operate in a wide variety of difficult cross-country
terrains. At a weight of 65 tons, the tank's top speed of 41 mph can give
rise to vibrational environments containing large amplitude components over a
wide frequency range from i Hz or less to the high frequencies associated with
shock forces of the suspension system "bottoming out." These vibrations are
imposed on both the tank hull and its occupants. The hull design allows the
tank to withstand a higher level of vibration than can be tolerated by the
crew members, so human response limits the severity of the conditions under
which the vehicle can operate. Because of this limit, it is necessary first
of all to establish the ranges of vibrational environments over which the
human operator can function effectively, and secondly, to devise some means of
characterizing this environment in a readily measurable way. Both of these
requirements have been met to a degree by a large amount of experimental
research and development over the past two decades, but there still remains
some lack of agreement as to the level of vibration in a given frequency range
that the human body can safely tolerate and continue to function effectively,
and there is always room for improvement in devices designed to give a measure
of ride quality based on vibrational amplitudes and frequencies.
pBI_F_,I)IN(3 PAGE BLANK NOT FILMED
441
https://ntrs.nasa.gov/search.jsp?R=19880004255 2020-03-20T09:20:51+00:00Z
I n  a d d i t i o n  t o  e x p e r i m e n t a l  r e s e a r c h  aimed a t  e s t a b l i s h e d  human limits, 
it is a l s o  d e s i r a b l e  t o  r e l a t e  t h i s  r i d e  q u a l i t y  t o  t h e  i n p u t  forces 
t r a n s m i t t e d  t o  t h e  t a n k  h u l l  t h r o u g h  t h e  s u s p e n s i o n  sys t em.  By c o r r e l a t i n g  
t h e s e  forces w i t h  t h e  r i d e  q u a l i t y ,  t h e  v a r i o u s  computer  models of t h e  t a n k  
(which are used  i n  d e s i g n  and a n a l y s i s  s t u d i e s )  can  be made t o  o u t p u t  a r i d e  
q u a l i t y  i n d i c a t i o n  from any and a l l  s c e n a r i o s  of t a n k  o p e r a t i o n .  T h i s  w i l l  
p r o v i d e  a r e l a t i v e l y  i n e x p e n s i v e  means o f ,  for example,  a p a r a m e t r i c  s t u d y  of 
t a n k  s u s p e n s i o n  as  it r e l a t e s  t o  o p e r a t o r  e f f e c t i v e n e s s .  The c o r r e l a t i o n  of 
i n p u t  forces w i t h  r i d e  q u a l i t y  must come from f i e l d  t e s t i n g  i n  which b o t h  
q u a n t i t i e s  are measured s i m u l t a n e o u s l y .  To t h i s  end,  t h e  I n s t r u m e n t a t i o n  
Services D i v i s i o n  (ISD) of t h e  Waterways Exper imen t  S t a t i o n  (WES) h a s  d e s i g n e d  
and c o n s t r u c t e d  an improved r i d e  meter d h i c h  q u a n t i f i e s  r i d e  q u a l i t y  and h a s  
i n s t r u m e n t e d  and c a l i b r a t e d  t h e  s u s p e n s i o n  s y s t e m  of an M 1  t a n k  i n  o r d e r  t o  
measure h u l l  i n p u t  forces. The r ema inde r  of t h i s  p a p e r  w i l l  d e s c r i b e  t h e s e  
two a c t i v i t i e s  i n  d e t a i l .  
F i g u r e  1. M 1  Tank 
I t  is n o t e d  t h a t  ISD pe r fo rmed  t h i s  work for t h e  M o b i l i t y  Sys t ems  
D i v i s i o n  (MSD) u n d e r  t h e  s p o n s o r s h i p  of t h e  US Army Corps  of E n g i n e e r s  and t h e  
US Army Tank-Automotive Command (TACOM). 
R I D E  QUALITY MEASUREMENT 
I n  t h e  e f f o r t  t o  p r o v i d e  a manageable  q u a n t i t y  which i n d i c a t e s  r i d e  
q u a l i t y ,  two b a s i c  methods have  emerged o v e r  t h e  y e a r s  a s  b e i n g  most 
i n d i c a t i v e  of r i d e  q u a l i t y .  Both of t h e s e  methods weigh a m p l i t u d e  of 
v i b r a t i o n  as  a f u n c t i o n  of f r e q u e n c y  s o  t h a t  t h o s e  f r e q u e n c i e s  which are most 
h a r m f u l  t o  t h e  human body ( t h r o u g h  v i s c e r a l  r e s o n a n c e s ,  f o r  example)  a re  
a s s i g n e d  a h i g h e r  w e i g h t  and t h e r e b y  c o n t r i b u t e  more s u b s t a n t i a l l y  t o  t h e  
o u t p u t  of t h e  method, which i n  bo th  c a s e s  is a s i n g l e  number which reflects 
t h e  s e v e r i t y  of t h e  r i d e .  S i n c e  b o t h  methods employ a w e i g h t e d  f r e q u e n c y  
s p e c t r u m ,  t h e y  g i v e  comparab le  a s s e s s m e n t s  of r i d e  q u a l i t y ,  b u t  t h e r e  is s t i l l  
some d i s c u s s i o n  a s  t o  which i s  t h e  b e t t e r  i n d i c a t o r .  
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The weighting functions for these methods are shown in Figure 2. Note
that the quantity being weighted is a signal from an accelerometer located at
some point on the tank hull usually on the seat of an occupant. The figure
shows two smooth curves and a set of discrete points. The discrete points
represent center frequencies of the 1/3-octave filters. The rms acceleration
of the output of each filter is determined and used as a measure of ride
quality. This is the International Standards Organization (ISO) standard for
describing human response to whole-body vibration. In practice, ISO prefers
to have the measured rms level at each 1/3-octave center frequency compared
with recommended values, but for complex vibrations it is desirable to have a
single number representing the overall weighted rms acceleration. To this
end, the Society of Automotive Engineers (SAE) had a ride meter constructed
with a smooth filter indicated by the solid curve of Figure 2. Note that this
curve essentially passes through the center frequencies of the 1/3-octave
filters. The remaining curve, shown by the broken line, is the standard
filter for ride meters used by the US Army to evaluate vehicle ride quality.
The major differences in these two smooth curves can be seen to be the
frequency of maximum weighting and the frequency spread. While the SAE/ISO
meter outputs a single number representing arms acceleration, the WES ride
meter, using the Army standard filter, gives an overall value of mean-square
acceleration which represents vibrational power. Thus, the output of the WES
ride meter is considered to be proportional to the power absorbed by the human
body and is therefore referred to as an absorbed power meter. With proper
scaling, this output can be specified directly in watts of absorbed power.
This provides a simple yet powerful measure of ride quality, since it is
readily compared to the presently accepted value of six watts as an upper
bound to crew effectiveness.
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The information on the ride meter given above was taken for the most part
from a WES technical report by Murphy and Ahmad I. This report has several
references on human body response which are included here as a bibliography.
DEVELOPMENT OF THE WES RIDE METER
At the request of the Mobility Systems Division, ISD designed and
constructed a ride meter whose function was to measure the absorbed power
weighted according to the Army standard filter characteristics. This system
is shown in Figure 3 and includes the ride meter, the output indicator with
clipboard for recording data, and the input accelerometer in its mounting
case. As a matter of interest, an identical servo-accelerometer is included
in the photograph. Figure 4 is a close-up view of the ride meter with top
cover removed showing power and accelerometer inputs through the cables on the
left, the function selector switch on the operator panel, and the several PC
boards containing ride meter circuitry. The panel also contains an off-on
switch and reset button for manually controlling the time interval over which
the accelerometer signal is processed. A close-up of the output indicator and
clipboard is shown in Figure 5. Here it is seen that any of three display
positions can be selected and read out on the digital voltmeter. At the
conclusion of a test run, the ride meter contains information on the total
time of the run and on the number indicating absorbed power. Both of these
pieces of information are in the form of a voltage which is the output of an
operational amplifier connected as an integrator. Time is obtained by
integrating a constant; absorbed power is obtained by sequentially passing the
accelerometer signal through a 30 Hz low pass filter, the Army standard
weighting filter, a squaring circuit, and the integrator. These quantities
are read out in turn on the digital indicator and recorded on the data
sheet. Thereafter, the value of absorbed power in watts is obtained by hand
calculation.
Although this initial design ride meter functioned very well, and is
currently being used in several applications, it was found desirable to design
and construct a new model which had expanded capabilities and performed its
functions automatically.
Unlike the original design, which was completely analog in operation, the
new design combines analog and digital operations and is consequently referred
to as the WES Hybrid Ride Meter. In this design, the system remains analog in
nature from the input through the integrator of the weighted acceleration
signal, then is converted to digital for further processing and storage in
memory.
A block diagram of the hyrid ride meter is shown in Figure 6. The input
signal is first passed through a 30 Hz low pass filter because the higher
frequencies with corresponding lower amplitudes do not contribute
significantly to decreased operator effectiveness. The signal is then scaled
appropriately and fed to parallel paths which produce both the absorbed power
value and tne ISO rms acceleration value. The output of the integrating
amplifiers are monitored and provision is made to avoid saturation of the
amplifiers within a microprocessor program.
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F i g u r e  3. Absorbed Power Ride Meter 
F i g u r e  4.  Meter E l e c t r n n i c s  ar?d C o n t r o l  Module 
4 4 5  
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F i g u r e  5. Data Readout  and Log Sheet 
K,= Absorbed Power Welghtlng Factor 
KIso = SAE/ISU Welghtlng Factor 
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The h y b r i d  r i d e  meter w i l l  allow d a t a  t o  be t a k e n  and p r o c e s s e d  i n  
s e v e r a l  d i f f e r e n t  modes s o  t h a t  d a t a  a c q u i s i t i o n  can  be t a i l o r e d  t o  t h e  
demands of a p a r t i c u l a r  tes t  program. T h i s  is accompl i shed  by c o n t r o l l i n g  t h e  
meter o p e r a t i o n  w i t h  a m i c r o p r o c e s s o r  and p r o v i d i n g  memory f o r  t h e  d a t a  
s t o r a g e .  T h i s  memory s p a c e  is s u f f i c i e n t  fo r  785 t e s t s  o r  c o n t i n u o u s  
r e c o r d i n g  for up t o  12  or  13 h o u r s  which p r o v i d e s  much g r e a t e r  f l e x i b i l i t y  
t h a n  h a s  been h e r e t o f o r e  p o s s i b l e .  T y p i c a l l y ,  t h e  accumula t ed  t es t  values are 
t r a n s f e r r e d  t o  a computer  where t h e y  can  be f o r m a t t e d  and f u r t h e r  p r o c e s s e d  as 
d e s i r e d .  The WES Hybr id  Ride  Meter is p i c t u r e d  i n  F i g u r e  7 w i t h  its i n p u t  
achelerometer and a l ap - top  computer .  A close up of t h e  f a c e  p l a t e  is shown 
i n  F i g u r e  8. The r i d e  meter w i t h  t o p  removed, F i g u r e  9 ,  shows t h e  i n t e r n a l  
components. I n  t h i s  view, t h e  r i g h t  hand s l o t  h o l d s  t h e  m i c r o p r o c e s s o r  boa rd ,  
shown b e s i d e  a pen i n  F i g u r e  10  fo r  s i z e  compar ison .  
T h i s  new h y b r i d  r i d e  meter was d e s i g n e d  fo r  u s e  i n  a wide v a r i e t y  of test  
and measurement s i t u a t i o n s .  Because of t h e  i m p o r t a n c e  of t h e  c o n c e p t  of a 
s i n g l e  number i n d i c a t o r  of r i d e  effect  on t h e  human o p e r a t o r  and b e c a u s e  of 
t h e  g r e a t  v e r s a t i l i t y  of t h e  h y b r i d  r i d e  meter, i ts  s e v e r a l  f u n c t i o n s  w i l l  be  
d e s c r i b e d  h e r e  i n  d e t a i l .  
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F i g u r e  7. Hybr id  Ride  Meter Sys tem 
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F i g u r e  8. Ride Meter D i s p l a y  and Control  U n i t  w i t h  
Accelerometer A t t a c h e d  
F i g u r e  9 .  Hybr id  Analog and D i g i t a l  E l e c t r o n i c s  
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F i g u r e  10. Mic roprocesso r  w i t h  A/D, D i g i t a l  I O ,  and Memory 
F i g u r e  11 shows a computer  d rawing  of t h e  face p l a t e  w i t h  t h e  v a r i o u s  
s w i t c h e s  and  c o n t r o l s  c l e a r l y  i n d i c a t e d .  The mode se lec tor  c o n t r o l  and t h e  
run - s top  s w i t c h  a r e  located d i r e c t l y  below t h e  d i g i t a l  r ead -ou t  i n d i c a t o r .  
Below t h e s e  two c o n t r o l s  is a d a t a  se lec tor  s w i t c h  which c h o o s e s  t h e  q u a n t i t y  
t o  be d i s p l a y e d  or! t h e  i n d i c a t o r  when t h e  mode s w i t c h  is i r ?  t h e  MONITOR 
p o s i t i o n .  I n  t h e  lower l e f t  c o r n e r  is t h e  R/S e v e n t  s w i t c h .  P r e s s i n g  t h i s  
b u t t o n  when t h e  run-s top  s w i t c h  i s  i n  t h e  run  p o s i t i o n  c a u s e s  an i n t e r r u p t  t o  
be s e n t  t o  t h e  m i c r o p r o c e s s o r  commanding i t  t o  beg in  d a t a  c o l l e c t i o n .  
P r e s s i n g  R/S a g a i n  commands t h e  m i c r o p r o c e s s o r  t o  s t o p  d a t a  c o l l e c t i o n .  The 
c o n t r o l  i n  t h e  upper  l e f t  hand c o r n e r  is a thumbwheel which se lec ts  a number 
between 0-15 i n  t h e  d i s p l a y  window. Mi th  t h e  mode selector se t  i n  t h e  NORMAL 
p o s i t i o n ,  t h e  d i s p l a y e d  r?umber r e p r e s e n t s  d i s t a n c e  i n  hundreds  of f ee t .  T h i s  
is  t h e  s e l e c t e d  coJrse l e n g t h .  P r e s s i n g  t h e  R/S b u t t o n  b e g i n s  a t e s t  which is 
t e r m i n a t e d  by p r e s s i n g  t h e  R/S b u t t o n  when t h e  v e h i c l e  h a s  t r a v e r s e d  t h e  
chosen  t es t  l e n g t h .  T h i s  c o u r s e  l e n g t h  is compared w i t h  time t o  c a l c u l a t e  an  
a v e r a g e  s p e e d  t h r o u g h  c o u r s e .  
I n  t h e  TIME p o s i t i o n  of t h e  mode selector  s w i t c h ,  t h e  thumbwheel d i s p l a y  
number g i v e s  a chosen  time of t es t  i n  t e n s  of s e c o n d s ;  t h a t  is, a tes t  time of 
from 10 t o  150 s e c o n d s  can  be chosen ,  i n  i n c r e m e n t s  of t e n  seconds .  A t es t  is 
i n i t i a t e d  by p r e s s i n g  t h e  R/S b u t t o n ,  i n  which  case t h e  t e s t  d a t a  a r e  based  or? 
t h e  a c t u a l  time of t e s t .  I n  e i t h e r  case,  t h e  m i c r o p r o c e s s o r  resets t h e  s y s t e m  
and s t a r t s  a n o t h e r  t e s t  a u t o m a t i c a l l y .  T h i s  o p e r a t i o r ?  w i l l  c o n t i n u e  u n t i l  t h e  
Run/Stop s w i t c h  is p l a c e d  i n  t h e  s t o p  p o s i t i o n .  
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Hybrid Meter Controts
In addition to the NORMAL and TIME modes, a TRAVERSE data collecting mode
is provided. In the traverse mode, the operator will start the system when
entering a predetermined course and will activate the event switch at the end
of each subcourse segment until the full course has been traversed at which
time the stop switch is activated.
The data collected and stored for all three modes are time, absorbed
power in watts, and ISO rms acceleration in g's. In addition, speed and
distance traveled are collected and stored in the NORMAL mode, and in the
other modes if wheel pips are available.
An operator can examine the data at any time by placing the mode selector
in the MONITOR position and using the data selector switch. Because the ride
meter memory usually contains the results of many individual tests, a means is
provided for selecting the desired test number. Placing the data selector in
TEST # position produces a display of the most recently completed test
numbers. The desired test number is obtained by pressing the R/S button,
which causes the displayed test numbers to be incremented or decremented by
one, according as the thumbwheel display number is set to i (increment) or 0
(decrement). Upon arriving at the chosen test number, the data selector is
used to display time, speed, absorbed power, or ISO rms acceleration. When
the mode selector is moved off the MONITOR position, the microprocessor will
return to the correct test number.
The DUMP postiion of the mode selector switch allows the operator to
transfer all test data in the ride meter to a computer file that is LOTUS
compatible software. The ride meter is connected to the computer through an
RS232 cable, and utilizes a communication software package such as CROSSTALK
or MIRROR to effect the transfer. In the DUMP mode, the microprocessor
displays a menu to guide the operations. For all modes of operation, the
Run/Stop switch is placed in the Stop position before selecting the modes.
After setting the mode selector, placing the Run/Stop switch in the run
position commands the microprocessor to select the chosen mode.
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The f i n a l  p o s i t i o n  of t h e  mode selector is  C L E A R ,  which c l e a r s  a l l  d a t a  
memory i n  t h e  r i d e  meter. 
The s i n g l e  number r ide  meter o u t p u t  is d e s i r e d  from an i n p u t  a c c e l e r a t i o n  
s i g n a l  which is we igh ted  and i n t e g r a t e d .  To r e l a t e  t h i s  number t o  o p e r a t o r  
e f f e c t i v e n e s s ,  it is n e c e s s a r y  t h a t  t h e  a c c e l e r a t i o n  s i g n a l  r e f l e c t  a s  c l o s e l y  
as p o s s i b l e  t h e  motion e x p e r i e n c e d  by t h e  o p e r a t o r  and f o r  t h i s  r e a s o n ,  t h e  
i n p u t  s i g n a l  u s u a l l y  is from an a c c e l e r o m e t e r  f i x e d  t o  t h e  d r i v e r ' s  sea t  and 
o r i e n t e d  t o  sense t h e  v e r t i c a l  component of a c c e l e r a t i o n .  I n  F i g u r e  12, t h e  
p o s i t i o n  of  t h e  a c c e l e r o m e t e r  r e l a t i v e  t o  t h e  d r i v e r ' s  body i s  i n d i c a t e d .  
T h i s  l o c a t i o n  is deemed t o  g i v e  a r e a s o n a b l e  measare  o f  t h e  a c c e l e r a t i o n  f e l t  
by t h e  d r i v e r .  F o r  p u r p o s e s  o f  compar ison ,  an i d e n t i c a l  a c c e l e r o m e t e r  is 
fastened r i g i d l y  t o  t h e  t a n k  f l o o r  a d j a c e n t  t o  the d r i v e r ' s  seat .  T h i s  can be 
seen a s  t h e  s m a l l  s q u a r e  s h a p e  immedia te ly  t o  t h e  r i g h t  of  t he  sea t  i n  F i g u r e  
13. d compar ison  o f  t h e  r i d e  q u a l i t y  g iven  by t h e s e  two a c c e l e r o m e t e r s  g i v e s  
a measure of t h e  e f f e c t i v e n e s s  o f  t h e  sea t  i n  p r o t e c t i n g  t h e  d r i v e r  from t h e  
v i b r a t i o n s  f e l t  by  t h e  t a n k  h u l l .  
F i g u r e  12. Driver S e a t  Acce le romete r  
4 5 1  
F i g u r e  13. F l o o r  Mounted Accelerometer a t  D r i v e r  Seat 
I n  t h e  d e s i g n  of t h e  v e h i c l e  s u s p e n s i o n s ,  it h a s  been found  u s e f u l  t o  
o b t a i n  r ide q u a l i t y  numbers from s e n s o r s  located a t  t h e  c e n t e r  of g r a v i t y  of 
t h e  v e h i c l e .  F i g u r e  14  shows t h e  CG i n s t a l l a t i o n  of a s i n g l e  a x i s  
accelerometer s e n s i n g  v e r t i c a l  a c c e l e r a t i o n  and F i g u r e  15 shows a t r i a x i a l  
i n s t a l l a t i o n  a t  t h e  CG. I n  some tests, t h e  t h r e e  o u t p u t s  of t h e  t r i a x i a l  r ide  
numbers are combined and u s e d  t o  o b t a i n  an o v e r a l l  r i d e  q u a l i t y  number for 
absorbed power and IS0 rms a c c e l e r a t i o n .  
I n  a d d i t i o n  t o  t h e  accelerometers a t  t h e  d r i v e r  l o c a t i o n  and t h e  CG 
packages ,  an accelerometer is mounted a t  t h e  roadwheel  a x l e  on t h e  roadwheel  
s u s p e n s i o n  ( r o a d  arm) t o  sense acceleration i n  t h e  d i r e c t i o n  p e r p e n d i c u l a r  t o  
t h e  road  arm. The sensor complement is comple ted  by r o l l  and p i t c h  g y r o s  
l o c a t e d  r e a s o n a b l y  close t o  t h e  c e n t e r  of g r a v i t y  a s  shown i n  F i g u r e  15. 
I n  any s p e c i f i c  t e s t  r u n  of t h e  M 1  t a n k ,  it is d e s i r a b l e  t o  h a v e  r ide 
q u a l i t y  numbers d e r i v e d  from each of t h e  s e n s o r s  on  t h e  v e h i c l e .  T h i s  is 
r e a d i l y  accompl i shed  by r e c o r d i n g  a l l  s i g n a l s  on m a g n e t i c  t a p e  and 
s u b s e q u e n t l y  p l a y i n g  them back  t h r o u g h  t h e  r ide meter i n  t h e  l a b o r a t o r y .  I n  
t h i s  way, c o r r e l a t i o n s  c a n  be made between t h e  r i d e  q u a l i t y  numbers from t h e  
v a r i o u s  s e n s o r s ,  and t h i s  i n f o r m a t i o n  can be e x p e c t e d  t o  c o n t r i b u t e  to  
improved s u s p e n s i o n  d e s i g n s  a s  well  a s  t o  r e f i n e d  measu res  of crew 
e f f e c t i v e n e s s  i n  r e l a t i o n  t o  t h e  v i b r a t i o n  envi ronment .  
4 5 2  
ORIGINAL PAGE IS 
OF POOR QUALITY 
Figure 14 .  C.G. Vert ical  Accelerometer 
Figure 15. Tr iax ia l  Accelerometer Mount f o r  C.G. 
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F i n a l l y ,  t h e  r i d e  q u a l i t y  numbers w i l l  be used  t o  compare t h e  r e l a t i v e  
merits of two s u s p e n s i o n  s y s t e m s  d e s i g n e d  f o r  the  M1. 
c o n v e n t i o n a l  t o r s i o n  bar s u s p e n s i o n  ( w i t h  f l u i d  dampers on r o a d  arms 1, 2 ,  and 
71, and t h e  hydro-pneumatic  s u s p e n s i o n .  Some i n d i c a t i o n  of t h e  e x t e r n a l  
d i f f e r e n c e s  of these s u s p e n s i o n s  can be found i n  F i g u r e  16 ( t o r s i o n  b a r )  and  
F i g u r e  17 (hydro-pneumat ic ) .  
d e f e r r e d  t o  a la ter  r e p o r t  a f t e r  s i g n i f i c a n t  compar ison  t e s t i n g  h a s  been  
done. 
forces on t h e  t o r s i o n  bar s u s p e n s i o n  s y s t e m  w i l l  be g i v e n .  
These are t h e  
A de ta i l ed  c o n t r a s t  of these two sys t ems  w i l l  be 
F o r  t h e  p r e s e n t ,  a d e s c r i p t i o n  of t he  method of medsurement of h u l l  
F i g u r e  16. S t a n d a r d  T o r s i o n  Bar  S u s p e n s i o n  
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F i g u r e  17. Hydro-pneumatic S u s p e n s i o n  
MEASUREMENT OF HULL FORCES 
From t h e  p r e c e d i n g  d i s c u s s i o n ,  it is clear t h a t  t h e  ride meter o u t p u t s  
from t h e  d i v e r s e  s e n s o r  l o c a t i o n s  w i l l  p r o v i d e  a good bas i s  for  compar ison  of 
t h e  two t y p e s  of s u s p e n s i o n  p r o v i d e d  for t h e  M 1  t ank .  By t h e  same t o k e n ,  
however ,  t h e  s i n g l e  number i n d i c a t o r  d o e s  n o t  g i v e  any  u s e f u l  i n f o r m a t i o n  on 
how t h e  forces of t h e  s u r r o u n d i n g s  a r e  p u t  i n t o  t h e  v e h i c l e .  A knowledge of 
these forces is d e s i r a b l e  b e c a u s e  computer  models of t h e  v e h i c l e  can  take 
r e p r e s e n t a t i o n s  of these forces a s  i n p u t  and p roduce ,  among other t h i n g s ,  the 
r ide  q u a l i t y  number t h a t  is g i v e n  i n  an  a c t u a l  t e s t  by  t h e  r ide  meter. I f  t h e  
computer  model is r e l i a b l e  and t h e  i n p u t  forces are  a c c u r a t e ,  v a r i o u s  t es t  
s c e n a r i o s  can  be s i m u l a t e d  on t h e  computer  i n s t e a d  of a c t u a l l y  b e i n g  c a r r i e d  
o u t  i n  t h e  f i e l d .  The cost s a v i n g s  of such  a p r o c e d u r e  are immedia t e ly  
a p p a r e n t  . 
To accompl i sh  these p u r p o s e s ,  it is n e c e s s a r y  t o  b u i l d  a d a t a  base of 
h u l l  i n p u t  forces u n d e r  v a r i o u s  f i e l d  c o n d i t i o n s .  The t o r s i o n  bar  s u s p e n s i o n  
d e s i g n  g i v e s  r ise t o  i n p u t  t o r q u e s  as well a s  i n p u t  forces a t  each  road arm 
s t a t i o n ,  so  p r o v i s i o n  must  be made t o  measure  t h e s e  q u a n t i t i e s .  These 
measurements  w i l l  be made o n l y  on t h e  v e h i c l e  w i t h  t o r s i o n  bar s u s p e n s i o n ;  
there are no p r e s e n t  p l a n s  t o  i n s t r u m e n t  t h e  hydro-pneumatic  s u s p e n s i o n  
sys tem.  
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The M 1  t a n k  r i d e s  on s e v e n  roadwhee l s  p e r  s i d e ,  numbered 1-7 f r o n t  t o  
back.  The number 1, 2 ,  and 7 roadwhee l s  a r e  s u p p o r t e d  by t o r s ion  b a r s  and 
f l u i d  dampers, t h e  o t h e r s  are  s u p p o r t e d  o n l y  by to rs ion  b a r s .  The d e s i g n  of 
t h e  s u s p e n s i o n  is s u c h  t h a t  o n l y  t o r q u e  is t r a n s m i t t t e d  t h r o u g h  t h e  to rs ion  
b a r s ,  w h i l e  t o r q u e  and force ( n o t a b l y ,  v e r t i c a l  f o r c e )  a r e  t r a n s m i t t e d  t h r o u g h  
t h e  l o a d - c a r r y i n g  elements a s s o c i a t e d  w i t h  t h e  damper. Both  t o r q u e  and force 
are measured  w i t h  s t r a i n  gage  b r i d g e s .  
The to rs ion  b a r  is a t h i c k - w a l l e d  c y l i n d e r  a p p r o x i m a t e l y  2.5 i n c h e s  i n  
d i a m e t e r  and 86 i n c h e s  l o n g  which e x t e n d s  from t h e  roadwheel  t o  a p o i n t  of 
a t t a c h m e n t  on t h e  o p p o s i t e  s i d e  of t h e  tank .  The to rs ion  b r i d g e  on t h i s  
member was p l a c e d  a t  a c o n v e n i e n t  l o c a t i o n  and p r e s e n t e d  no s p e c i a l  
p roblems.  Gaging  t h e  r o t a r y  damper, however ,  was somewhat more i n v o l v e d .  The 
road  arm is  r i g i d l y  f i x e d  t o  a l a r g e  t u b u l a r  s h a f t  which is keyed t o  t h e  rotor 
of t h e  damper. T h i s  same s h a f t ,  t h r o u g h  b e a r i n g s ,  s u p p o r t s  t h e  we igh t  of t h e  
t a n k  and t r ansmi t s  any o t h e r  road  forces t o  t h e  h u l l .  I n  c a r r y i n g  t h e s e  
forces, t h e  s h a f t  behaves  a s  a beam, s o  t h a t  t h e  magni tude  of t h e  forces can 
be measured by g a g i n g  t h e  beam i n  a bend ing  mode. A t  t h e  same time, an  
a d d i t i o n a l  b r i d g e  is a t t a c h e d  t o  t h e  s h a f t  t o  sense t o r q u e  d u e  t o  t h e  damping 
force i n  t h e  r o t a r y  shock  a b s o r b e r .  Some d i f f i c u l t y  was e n c o u n t e r e d  i n  t h e  
force measurement b e c a u s e  t h e  a n g u l a r  o r i e n t a t i o n  of t h e  b e n d i n g  g a g e s  changed  
w i t h  chang ing  road  arm a n g l e ,  b u t  t h i s  p rob lem was r e s o l v e d  w i t h  c a r e f u l  
l a b o r a t o r y  c a l i b r a t i o n .  A pho tograph  of t h e  b e n d i n g  and to r s ion  gage  shows 
t h e i r  l o c a t i o n s  on t h e  s h a f t  i n  F i g u r e  18. Note t h a t  t h e  s h a f t  is shown 
a t t a c h e d  t o  t h e  r i d e  meter r o a d  arm t h r o u g h  s p l i n e s .  The s h a f t  is a l s o  welded 
t o  t h e  road  arm on t h e  o u t s i d e  face. The s p l i t ? e s  on t h e  o t h e r  end of t h e  
s h a f t  engage t h e  damper rotor.  
F i g u r e  18. Road A r m  T o r s i o n  and Bending  S t r a i n  Gage L o c a t i o n s  
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Details of the calibration procedures and comparative test data between
the two systems will be discussed completely in a later report when sufficient
test data for meaningful conclusions will be available. These tests are
scheduled for the month of August 1987 but will not be completed in time for
inclusion here.
CONCLUSION
Interest in vehicle ride quality and its measurement has been growing
steadily over the past two decades. Its importance to the military
establishment with its great variety of surface vehicles is obvious, but ride
quality is becoming a factor of increasing importance in the transportation
industry, to manufacturers of all types of aircraft, farm machinery, earth-
moving and construction equipment, and others. At the present time, it cannot
be said that there is general satisfaction with commonly used indicators of
ride quality, nor is there complete agreement as to the level of vibration,
and to the frequency weighting functions which accurately assess limits of
operator effectiveness and well being. However, experimental activity in this
area is growing, and there will be reliable standards for evaluating the
effect of vibrational environment on the human operator. Once this is
established, it should be possible to effect significant improvements in
suspension design.
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